Background: The burden of healthcare costs for persons approaching death is of
Introduction
Of the 149 790 Australians who died in 2013-2014, 1 74 221 died in hospitals. Among hospital deaths, 23 823 (32%) were in designated palliative care (PC) beds, and a further 8863 deaths (12%), mostly in acute wards, were coded as palliative. 2 The proportion of deaths occurring in hospitals is steadily decreasing, while the proportion of in-hospital deaths with PC status as identified in hospital databases has increased from 37% in 2009-2010 to 44% in 2013-2014 . 3 These data reflect international trends. 4, 5 In Australia, as in many other countries, healthcare costs are known to rise sharply in the final months of life, particularly for patients with cancer. [6] [7] [8] [9] The greater part of these costs, as high as 90%, are incurred by hospital admissions. [7] [8] [9] There is also current recognition that expensive, cure-focused hospital interventions may be inappropriate for elderly patients with advanced and complex comorbidities. 10, 11 Surveys of general populations are cited to suggest a strong majority preference for dying at home. 12 However, there is clear evidence that care preferences change towards admitted care among sick persons approaching death 13, 14 and among older persons. 12, 15 Lack of physical or family resources in the home, concern over adequacy of symptom relief and desire to avoid causing a burden on family members, as well as unexpected clinical events in terminal disease are all reasons for seeking hospital or other formal care. 15 Among patients already enrolled in a PC service, 60% overall and 80% of those with a prior hospice admission stated a preference for terminal care in a hospice unit. 16 The collective evidence thus points to hospital units continuing to provide a substantial proportion of terminal phase care.
Access to specialist PC in the hospital environment has demonstrated effectiveness in reducing the symptom burdens of dying persons, whether these be physical or psycho-spiritual. [17] [18] [19] There are also established benefits for carers and families both during the dying period and in bereavement. 20 PC services for terminal hospital patients have also been associated with substantial cost savings. In various Australian situations, the bed-day costs of hospice units are substantially lower than those for acute services. 21, 22 Elsewhere, access to PC in acute units has been shown to reduce rates of referral to the intensive care unit (ICU), of medical/surgical procedures and of major diagnostic procedures, with commensurate cost reductions. [23] [24] [25] To date, there have been no equivalent studies of the Australian experience.
The objective of this study is to describe the impact of PC services on the costs of hospital episodes that end in death. Patient and hospital variables that may in turn impact the rates of access to PC services, and/or to the dimensions of any resulting cost differences, will also be identified to the extent achievable from administrative data. This is the first report of such details for a large national cohort in Australia.
Methods
The sample for this retrospective cohort study was drawn from the Department of Veterans' Affairs (DVA) hospital databases with respect of all clients who had died in hospitals across Australia between July 2011 and June 2015. The study describes hospital episodes that ended in death, identified by separation code 8, which are referred to herein as terminal episodes. Database items for public and private hospitals included patient age and gender, principal and secondary diagnoses, length of stay (LOS), ICU admissions, operative procedures, admission from residential aged care (RAC), itemised costs and geographic location of the hospital.
Patients younger than 70 years were omitted from the final analysis because of an atypical age distribution and incomplete hospital records due to relatively high proportions of patients holding DVA White Cards, which fund hospital services for a limited range of conditions. Those who died with a terminal episode of less than 2 days were also excluded on the grounds that PC may not impact service delivery in a very short terminal episode. Records with outlier LOS values exceeding 180 days were also excluded as the proportion of any PC involvement in such episodes was unknown but probably small.
PC was identified according to the preferred method of the Australian Institute of Health and Welfare (AIHW), namely the presence of the ICD-10-AM code (Z51.5) in the diagnosis string and/or care type code 3.0-3.4 inclusive, which identifies PC units. 2 All patients identified by these means were defined in this study as having access to PC services; the nature, intensity or duration of any PC involvement in any specific episode were not definable. Patients were classed as being in acute care if the service type code was 1.0, with PC access identified through the code Z51.5.
The terminal diagnosis was classified as malignant disease (cancer) if an appropriate code (ICD-10-AM C00-C99 inclusive) appeared as the principal or within the first five secondary diagnoses for the terminal episode. This study did not attempt to differentiate findings according to specific non-malignant diagnoses. Comorbidity was assessed using a modification of the Charlson comorbidity index. 26 Patients who had operative procedures were identified by the procedure codes 30 001-50 408 inclusive and/or the listing of a theatre fee.
Hospital costs were shown in the database as the charges and fees approved and paid by the DVA for accommodation, theatre and prostheses. For public hospitals, costs were determined by contracts between the DVA and the various State health administrations. Individual contracts were made with private hospital proprietors. Fees raised by private providers of medical, allied health, pathology, diagnostic imaging and other clinical services with respect to the hospital episode were also computed. No pharmaceutical data were included. Costs were expressed in Australian dollars: no corrections were made for the inflation of health costs over the study period.
Statistical analyses
Univariate analyses were conducted to compare demographic and hospital utilisation data for patients who did and did not have reported PC access. Student's t-test and Pearson's Chi-square test were applied for continuous and categorical variables respectively. As many of the continuous data items had very wide variances, multivariate analyses were performed using negative binomial regression. Predictor variables, drawn from the data items listed above were included in the regression model if P <0.25 in the univariate analyses and remained in the final models if P <0.05 after backwards elimination. Referent values were assigned arbitrarily.
All analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA) or Excel 2010 (Microsoft Corporation, Redmond, WA, USA). Ethics approval was obtained from the DVA Human Research Ethics Committee in December 2013.
Results
There were 69 911 recorded deaths of DVA clients during the study period, of which 25 821 (36.9%) died in hospitals across Australia. This study analysed data with respect to 19 707 of the hospital deaths after the exclusion of 1171 persons aged <70 years, 4902 with terminal LOS = 1 day and 41 persons with LOS > 180 days. Of this sample, 10 538 (53.5%) were males. The mean age was 88.5 years for males (median 89 years) and 88.3 years (median 88 years) for females. Patients aged 90 years or older comprised 45.4% of the total ( Table 1 ).
The majority of deaths (54.5%) occurred in public hospitals for both males and females. A quarter of this elderly sample (and 30% of those aged 90 or older) were admitted from RAC facilities, with significantly higher proportions among females (30% vs 22%, P <0.001). Malignant disease was identified in 2430 patients (22.6%) in public hospitals and 2573 (28.7%) in private hospitals. For 1464 patients (7.4%), the terminal episode included an ICU admission, which exceeded 3 days for more than half of these instances. One or more surgical procedures were performed during the terminal episode in 13.9% of patients (Table 1) .
PC access was recorded for 6551 patients (33.2%). The PC access rate for all patients decreased with increasing age, from 39.6% for patients aged 70-79 years to 30.7% for those aged ≥ 90 years, (P < 0.001), but this trend was not apparent when patients with and without a cancer diagnosis were assessed separately, as shown in Table 2 . For these and all other subgroups listed in Table 2 , rates of PC access were significantly lower in private hospitals, the overall rate Of the 6551 episodes with PC access, 4008 (61.2%) were in designated PC units (care type 3). This represented 20% of all hospital deaths in the study population. Cancer was the assigned diagnosis for 54% of deaths in type 3 services. There were 2445 patients who died in an acute care service (care type 1) with PC access, comprising 17% of this large subgroup (29% of cancer patients and 14% of other patients). Overall, PC access was recorded for 2977 of 5003 patients with cancer (59.5%) and 3574 (24.3%) patients with other diagnoses (Table 1) .
PC was associated with lower mean values of LOS for terminal episodes among patients with non-cancer diagnoses but not for cancer patients. This applied in both public and private hospitals. In public hospitals, PC access was associated with a fivefold reduction in the likelihood of admission to the ICU and in the mean time per capita in the ICU (Table 3) . Rates of operative procedures for public PC patients were a quarter of those for non-PC patients, with greater dimensions of difference for cancer patients. In private hospitals, there were parallel differences of a lesser but still significant degree (P < 0.001 for all items). ICU admissions and coded procedures were significantly more frequent in private hospitals for all patient groups (Table 3) .
Multivariate analyses confirmed that PC was associated with a reduction in mean LOS, equivalent to 18% of baseline for non-cancer patients (P < 0.001), but there was no significant impact on patients with cancer (P = 0.76). Patient age, comorbidity scores and state (of hospital) were significant determinants of LOS for non-cancer patients but were not significant factors for cancer patients (data not tabled).
In public hospitals, PC-associated reductions in mean total costs for a terminal episode were $6662 for cancer patients, $7477 for other patients and $6016 overall in unadjusted analyses. Corresponding values in private hospitals were $3812, $2908 and $3075. The overall figures represented a 28.8% reduction of the cost incurred by non-PC patients. Component costs for hospital accommodation, medical fees and diagnostic procedures for all groups were significantly lower for PC patients ( Table 3 ). The PC-related cost reductions became substantially greater with decreasing patient age: mean reduction for all patients aged ≥ 90 years was $3656 and $10 934 for patients aged 70-79 years (Fig. 1) .
In multivariate models, increasing patient age beyond 80 years, state (Victoria, South Australia, Tasmania) admission for RAC and private hospitals were associated with relatively lower costs for all patients, as was the male gender for cancer patients only. Total costs increased with increasing comorbidity, and PCrelated reductions also increased but for non-cancer patients only. When adjusted for all significant factors in the model, PC was associated with cost reductions equivalent to 27.8% of the defined baseline values for cancer patients and 35.6% for other patients ( Table 4) . The negative binomial model had a dispersion of 0.69, and the deviance/degrees of freedom quotient was 1.12, indicating satisfactory goodness of fit.
Patients who were admitted to the ICU incurred mean total costs of $36 610, increasing to $48 619 if an operative procedure was also involved. PC access was associated with substantial cost reductions with respect to ICU admission or a procedure performed separately but not for patients who experienced both events. For the 83% of the entire sample who had neither ICU admissions nor procedures, the mean cost was $11 219 with a PC- For PC patients, 51.6% had a hospital episode preceding and continuous with the terminal episode compared with 27.8% for non-PC patients (P < 0.001). The duration and costs of these preceding episodes were similar for both patient groups (Fig. 3) . Pre-terminal ICU admission was more common (2.5% vs 1.7%, P < 0.001) among those who subsequently had PC access. In the terminal episodes, greater PC-related reductions in rates of ICU admissions, procedures and total costs were seen for patients who had immediately prior hospital episodes (data not tabled).
Discussion
Access to PC services during the terminal hospital episode was found for one-third of all hospital deaths in this elderly study population. Access rates were higher in public hospitals, for patients with a cancer diagnosis and for younger patients. Lower rates of access with increasing age and for patients admitted from aged care facilities reflected lower proportions of malignant disease in these subgroups. Lower rates of access in private hospitals were partly explained by the concentration of specialist Palliative care and hospital costs PC (hospice) units in the public sector. PC was associated with significantly lower hospital costs in the order of $5000-8000 for all patient groups, but most particularly for those with non-cancer diagnoses. This study was based on a large sample of approximately 11% of all deaths of Australians aged ≥ 70 years in the study years. The age distribution of the DVA population was skewed towards the extremes of old age ( Table 1 ). The proportion of deaths of DVA clients that occurred in hospital (38.3%) was below that reported for the whole Australian population (50%) in the study years, as was the overall percentage of PC access. 3 These differences reflected the age distribution of the study sample. Approximately 60% of subjects aged ≥ 85 years would have been aged care residents at the time of their death and would mostly have died in place. 27 Cost savings attributable to PC services in hospitals have been extensively reported in international studies. 9, 24, 25, 28, 29 A large study based on six hospitals in the United States confirmed that a reduction in ICU admissions was a major contributor to the cost savings of the PC service. The proportional cost savings of the current study were at least equivalent to those found in America. 24, 30 The present study was unable to confirm the reported finding that PC-associated cost savings were higher for patients with the highest comorbidity. 31 The analysis of hospital expenditure is a complex matter with a wide range of determinant variables. 9, 24, 25 In seeking to report a differential cost for PC services, location and type of hospital, patient age, diagnostic group, prior residency in RAC and comorbidity status have all been significant factors in this study. The known capacity of pre-terminal PC services in the community to prevent or abbreviate hospital admission for terminal phase care 23, 32 could not be assessed from these data. All services billable to DVA were recorded for all patient groups. The concerns that unidentified costs of the PC service itself may discount reported cost benefits 33 are acknowledged. It is likely, however, that any such costs not included in contracts for public hospital services or not billed by private practitioners would be relatively small. Apart from the high percentage of deaths (45.6%) that occurred in private hospitals, terminal hospital care for DVA clients in this study was not considered to be atypical; the Department takes no role in the clinical content of hospital care. As PC-associated cost reductions increased with decreasing patient age, it is likely that average PC-associated savings would be greater in the (younger) general population.
The coding of most data items used to identify PC and determinants of costs is episode-specific; this study has thus reported on the final hospital episode only. This is not to deny the high importance of pre-terminal events for determining and interpreting terminal-phase care. In 2014-2015, 57% of all terminal episodes in Australian hospitals involved transfers from episodes in the same or another hospital. 2 The details of the linked pre-terminal episodes in DVA data at least suggest that lower PCrelated costs in terminal episodes were not simply a continuation of preceding low-intensity care ( Table 3) . The data at this stage could not distinguish PC commenced de novo in the terminal episode from PC already in place at the start of these episodes. Future studies linking databases for DVA hospital and community-based services and with data from other sources may provide additional answers.
Shorter terminal episodes and greater PC-related cost reductions have been identified for patients with diagnoses other than cancer. A probable reason lies in the irregular disease trajectory and more difficult prognostication for many chronic diseases, with belated recognition of the need for a shift to end-of-life care. 34 Despite increasing awareness of the needs of those dying from non-malignant conditions, cancer patients are still heavily overrepresented in hospital PC services. 2 Further examination of the interplay between these variables is beyond the scope of a database study, which cannot establish cause-effect relationships. As already noted, these administrative data do not provide any information as to the duration, content or outcomes of PC service.
In 2014, Palliative Care Australia noted the potential value of a 'comprehensive examination' of PC-related costing data across Australia. 35 Notwithstanding the identified caveats, the findings of this study are a first step in this direction.
Conclusion
In a large sample, PC services of unspecified content have been identified for almost one-third of all hospital episodes ending in death. The total costs of these episodes were reduced by factors of 28% for cancer patients and 36% for other patients. Much lower rates of ICU admissions and operative procedures in PC recipients, more evident for cancer patients, were the chief drivers of cost reductions. Research that can identify the onset and content of PC services in hospitals will be required to confirm and expand the findings of this report. 470-7. 5 Houttekier D, Cohen J, Surkyn J, Deliens L. Study of recent and future trends in place of death in Belgium using death certificate data: a shift from hospitals to care homes. BMC Public Health 2011; 11: 228. 
